RetLinal Phototherapy-Ingram et al. MEDICAL JOURNAL 827 damage to the tissues. The application of this form of therapy by an ophthalmoscope produces new technical problems, but when these are adequately solved it could lead to a wider use of phototherapy.
In a previous article we reported the results of a pilot study of the state of the small intestine and stomach in ulcerative colitis. It was found that during an actual attack of ulcerative colitis the small-intestinal mucosa frequently showed villous abnormalities in biopsy specimens and the faecal fat excretion was often abnormally high; and, correspondingly, the stomach often showed superficial gastritis. Among the patients studied in remission the stomach and small intestine were usually normal as judged by these same criteria.
Since then the study has been considerably enlarged. First, a bigger group of patients with ulcerative colitis has been studied, so that some of our tentative conclusions of the pilot study can be re-examined with the aid of more extensive data. Secondly, some of the patients have been reinvestigated to see if any abnormalities in their small intestine and stomach fluctuate in unison with changes in the severity of their ulcerative colitis. Thirdly, because some of the villous abnormalities of the small intestine were comparatively minor, various control subjects have been examined to provide a yardstick of normality -a necessary step in view of the limited biopsy observations which have been made upon the healthy human small intestine. Methods Small-intestinal Biopsy.-We have continued to use a Crosby capsule, but one modified by the fitting of a latex sheath to avoid the occasional loss of the dome of the capsule and by the use of radio-opaque tubing to facilitate xadiological localization.
These modifications are described in detail elsewhere (Salem -et al., 1965) . The biopsy specimen was fixed and stained as in the pilot study.
Gastric Biopsy.-This also was performed by means of the Crosby capsule.
Faecal Fat.-As in the pilot study, the faecal fat excretion has been based on a four-day collection of stools with the patient on a standard hospital diet (or on his ordinary diet if an outpatient), using the method of van der Kamer et al. (1949) Santini et al. (1961) , which employs 5 g. of D-xylose, has proved to be suitable for use in ulcerative colitis and has been utilized. Santini et al. (1961) have provided evidence of the reliability of this test with the smaller dose, a finding confirmed by others (Sammons et al., 1962 (Palade, 1952 ; Caulfield, 1957 Table I shows a striking difference between the biopsy specimens obtained from patients with ulcerative colitis and those obtained from control subjects. Among the 55 control subjects there were only three whose small-intestinal specimen showed any abnormality, and even then the abnormality was minor. It is especially noticeable that the 27 patients with irritable-colon syndrome included in the control group all yielded entirely normal biopsy specimens. By contrast, more than two-thirds of the specimens obtained from patients with ulcerative colitis were abnormal, and the abnormalities were pronounced in about one-quarter of the specimens. Table III . In other words, there is no indication that the small-intestinal abnormalities are a special consequence of chronic disease as they are prominent in patients with a short history. Likewise, the age of the patient has no major bearing on the liability of the small-intestinal mucosa to be abnormal (Table IV) . Faecal Fat Excretion.-The faecal fat excretion was abnormally high in 18 of the 54 patients in whom it was studied. The faecal fat excretion is strongly correlated with the clinical activity of the ulcerative colitis (Table V) . Similarly, there is a close association between the state of the smallintestinal mucosa as judged from the biopsy specimen and the faecal fat excretion (Table VI) . Histochemical Abnormalities.-The intestinal biopsy specimens of five patients with ulcerative colitis have been examined for alkaline phosphatase, acid phosphatase, esterase, cytochrome oxidase, monoamine oxidase, 5-nucleotidase, and adenosine triphosphatase (A.T.P.-ase). The findings have been compared with those obtained from a patient with the irritablecolon syndrome, which we regard as a normal control for the present purpose, and also with those obtained from two patients with idiopathic steatorrhoea in which depression of enzyme activity in the small-intestinal mucosa is known to be pronounced (Padykula et al., 1961) . In three of the five patients with ulcerative colitis there was a reduction of acid phosphatase -in one case only to a moderate degree, but in the other two in quite a pronounced degree, although not to the same extent as in idiopathic steatorrhoea. So far as 5-nucleotidase is concerned, this was absent in one of the ulcerative colitis specimens as well as in both of those with idiopathic steatorrhoea. Some depression of other enzymes was observed in some of the ulcerative colitis specimens. This small number of observations does not permit of definite conclusions about the extent to which enzyme activity is depressed in the small-intestinal mucosa in ulcerative colitis, but the results suggest that the whole issue deserves to be studied in detail.
Electron Microscopy.-The small-intestinal biopsy specimens of patients with ulcerative colitis and of control patients have been examined by electron microscopy. The small-intestinal epithelial cells in ulcerative colitis appear to be entirely normal, with well-formed microvilli, even in those patients with partial villous atrophy. The results will be reported in detail elsewhere (Poole and Salem, 1965 examined while in complete remission, suggesting that the gastritis is usually a temporary and reversible disturbance ( 
Repeat Observations
Ten of the 60 patients with ulcerative colitis have been re-examined after a lapse of time varying from 2 to 14 months from the original observations. It is therefore possible to see whether the small-intestinal abnormalities fluctuate in unison with the changing activity of the ulcerative colitis. Table XII summarizes the findings in these 10 patients. It can be seen that there are changes in the small-intestinal mucosa which almost always run in parallel with any change in the clinical activity of the ulcerative colitis, and the tests of smallintestinal function (when done) also usually move in parallel. By contrast, the gastric mucosa seems to show much less change.
The results indicate that the small-intestinal mucosa is in a highly plastic condition in ulcerative colitis. Patients with partial villous atrophy during a severe attack of ulcerative colitis possess either completely normal or only mildly abnormal smallintestinal mucosa when subsequently examined in a complete clinical remission of the disease. Conversely, patients originally examined when the ulcerative colitis is quiescent or mild possess normal or only mildly abnormal villous structure of the small intestine but are likely to show more pronounced villous abnormalities when examined subsequently during a sharp attack of ulcerative colitis. Discussion The present study has confirmed and extended the conclusions which we drew in our pilot study. The small intestine has often been found to be abnormal during an active stage of ulcerative colitis. Biopsy shows a progressive increase in the proportion of patients with villous abnormalities as the attack of ulcerative colitis becomes more severe. Small-intestinal function is also disturbed, both the faecal fat levels and the D-xylose test frequently being abnormal. These two tests of small-intestinal function usually correspond in ulcerative colitis and they are both closely correlated with the degree of villous BRITISH MEDICAL JOURNAL abnormality found in the biopsy specimen. It is interesting that biopsy specimens showing partial villous atrophy do not possess abnormal epithelial cells on electron microscopy, but this same lack of relationship has been shown in idiopathic steatorrhoea (Shiner and Birbeck, 1961 ; Shearman et al., 1962) . In effect, the low-power view obtained with the dissecting microscope appears to be a better guide to function than the electron-microscope appearances.
The question of why there should be impaired small-intestinal function in our patients with villous abnormalities remains unsettled. Such villous abnormalities must reduce the surface area of the small intestine, possibly to one-half or one-third of the normal, but as the microvilli are retained and appear entirely normal there is no reason to envisage any greater reduction in the absorbing area. In view of the enormous functional reserve of the healthy small intestine, an appreciable reduction of smallintestinal function as measured by the daily faecal fat excretion and the D-xylose test would hardly be expected. Two other possibilities at least are worth consideration. One is that the small intestine may become deficient in certain enzymes during an attack of ulcerative colitis. From our limited observations this appears to be a distinct possibility, but further work will be necessary to clinch it. The second is that the motor activity of the small intestine may become abnormal ; if so, absorption might be affected, because it has been shown that the hypomotility induced by propantheline can markedly reduce the absorption of sodium by human small intestine (Groisser and Farrar, 1962) . We have made observations on several patients by intraluminal-pressure recording supplemented in some instances by simultaneous cineradiography, and it seems that the motility of the small intestine may be disturbed in ulcerative colitis; but once again further research is required for a definite answer.
We are still uncertain whether the small-intestinal abnormalities in ulcerative colitis are secondary to the disease in the colon or whether ulcerative colitis is in reality a disease which affects the entire intestine, although the brunt falls on the colon. We have seen one patient (Case 3 of Table XII) in whom the results of investigation are of great interest. He was a man aged 22 with ulcerative colitis complicated by extensive pseudopolyposis of the entire colon apart from the rectum and caecum. He showed partial villous atrophy and a faecal fat excretion of 18.8 g./day. He was treated by subtotal colectomy with caecoproctostomy (by Mr. C. U. Webster) with excellent symptomatic results. Three weeks after the operation the daily faecal fat was 7.6 g. Five months after the operation he was fully re-examined, and the small-intestinal biopsy showed great improvement (although it was still not entirely normal), while the daily faecal fat had reached the borderline of normality (6 g.). It seems from this patient that removal of the colon has improved small-intestinal structure and function, which is in favour of the small-intestinal changes being secondary to the 
Summary
A pilot study previously reported revealed that the small-intestinal mucosa often showed varying degrees of villous atrophy in patients with ulcerative colitis and that the faecal fat was likewise abnormally high in some patients. Similarly, the gastric mucosa sometimes showed superficial gastritis.
The study has now been extended to 60 patients with ulcerative colitis. In order to establish a yardstick of normality, a control group of 55 patients suffering from irritable-colon syndrome, psoriasis, or anaemia have also been studied.
Almost all the control subjects yielded small-intestinal biopsy specimens which were completely normal, while the others showed only minor villous abnormalities. By contrast, the incidence of villous abnormalities was high in ulcerative colitis and the degree of abnormality was often pronounced.
There was close connexion between the clinical state of activity of the ulcerative colitis and the condition of the smallintestinal biopsy specimen. When the ulcerative colitis was in remission small-intestinal abnormalities were minor in degree, whereas in severe attacks of ulcerative colitis the small-intestinal biopsy specimen frequently showed partial villous atrophy.
Similarly, the daily faecal fat excretion and a modified D-xylose test of small-intestinal absorption were often abnormal in actual attacks of ulcerative colitis. There is a good, though not perfect, correlation between these two tests of smallintestinal function and the small-intestinal biopsy appearances.
Electron-microscope studies on a sample of the smallintestinal biopsy specimens have shown normal epithelial cells with intact microvilli even in two specimens showing partial villous atrophy.
Histochemical observations on a small sample of the smallintestinal biopsy specimens suggest that certain enzymes may be deficient during an attack of ulcerative colitis.
Observations on small-intestinal motility have shown some differences between ulcerative colitis patients and control subjects.
Superficial gastritis is found in a minority of patients with ulcerative colitis. It shows a less pronounced correlation with the activity of the ulcerative colitis than do the villous abnormalities of the small intestine.
Repeat observations have been made on 10 patients with ulcerative colitis after a lapse of time varying from 2 to 14 months from their original examination. The small-intestinal mucosa almost always showed improvement when the patients were re-examined during complete remission of the ulcerative colitis. By contrast, two patients whose ulcerative colitis was more severe at the time of re-examination than originally showed increased villous abnormalities in the small intestine. The small-intestinal mucosa is therefore in a highly plastic state in ulcerative colitis and swings from normality to villous abnormality in parallel with the inflammatory changes in the colon.
